Objective: Determine clinical and manometric parameters associated with success of antegrade continence enemas (ACEs) administered via cecostomy in the treatment of constipation and fecal overflow incontinence. Methods: We performed a retrospective review of clinical symptoms and manometry (colonic and anorectal) before cecostomy in 40 pediatric patients (20 males, 20 females). The mean age at time of follow-up was 9.5 AE 4.4 years with a mean follow-up time of 12.2 AE 10.9 months. Clinical outcomes were defined as good, if subjects had >3 bowel movements per week, <2 episodes of soiling per week, and absence of pain at the time of followup after cecostomy. Results: Before cecostomy, the mean duration of constipation and/or fecal incontinence was 7.7 AE 4.4 years, mean number of BMs was 1.5 AE 0.9 per week, and soiling episodes 4.12 AE 3.5 per week; 24 (60%) patients had abdominal pain. At follow-up 30 out of 40 patients had a good outcome, and 10 had a poor outcome; with a difference in the number of weekly BM of 5.7 AE 2.2 versus 1.5 AE 0.9, P < 0.001, and soiling episodes (0.4 AE 1.5 vs 4 AE 3.1, P < 0.001). There was no difference in the duration of symptoms between groups. Obesity was more common in the poor-outcome group, 60% versus 21% (P ¼ 0.01). Abdominal pain was more common in the pooroutcome group, 100% versus 47% (P ¼ 0.003). Normal colonic manometry was associated with good outcome, whereas absence of high-amplitude propagating contraction (HAPC) in any part of the colon was associated with poor outcome. No other differences in colonic manometry were observed between the good-and poor-outcome groups with the exception of a trend toward decreased number of sigmoid HAPCs in the poor-outcome group (P ¼ 0.07). No differences were observed in anorectal manometry measurements between good-and poor-outcome groups with the exception of an observable increased baseline resting pressure in the poor outcome (P ¼ 0.05). Conclusions: Obesity and abdominal pain tend to be associated with poor outcomes after cecostomy for refractory constipation. Normal colonic and anorectal manometry were associated with good outcome. Absence of HAPC in any part of the colon, and increased baseline resting pressure of the anal canal were more associated with poor outcome. No other specific differences in either colonic or anorectal manometric parameters were observed in patients with good versus poor outcomes with cecostomy. Large prospective studies potentially combining other diagnostic modalities such as colonic transit studies are needed to determine the optimal tests to predict successful outcomes from cecostomy.
T he use of the antegrade continence enema (ACE) was described initially by Malone et al (1) . Initially, ACE involved placement of a surgical appendicostomy which provided a conduit in the proximal colon to administer a fluid bolus to flush the colon, thereby, reducing stool content and minimizing the incidence of overflow incontinence. The original appendicostomy technique was modified with the development of the cecostomy tube placed directly into the cecum to facilitate the administration of ACEs and decrease the rate of complications. It was first used in subjects with spinal cord defects such as spina bifida and meningocele and those with anorectal malformations to assist achieving fecal continence. Thereafter, the indications for ACEs were expanded
What Is Known
Cecostomy and the use of antegrade continence enema are effective in 75% to 95% of patients with refractory constipation and fecal incontinence. Normal colonic manometry is associated with successful antegrade continence enema treatment of fecal incontinence. It is unclear whether distal colonic dysmotility or pelvic floor dysfunction affects outcome.
What Is New
Obesity and abdominal pain are associated with poor outcomes. Presence of attention-deficit/hyperactivity disorder and psychiatric issues appear not to affect outcomes. Total colonic and distal colonic dysmotility exhibit a trend toward poor antegrade continence enema clinical outcomes. Increased baseline resting pressure of the anal canal is associated with a poor outcome after antegrade continence enema.
to include treatment of patients with refractory constipation and encopresis (2) (3) (4) (5) (6) .
The mechanism in which ACE results in colonic rehabilitation and improved motor function is not entirely understood. It is thought that colonic irrigation induces low-amplitude colonic contractions facilitating colonic emptying. This results in overall decreased colonic pressure, reduced dilatation, and better motility (7) . The success of ACE in the treatment of constipation has been described in both adult and pediatric studies (8, 9) . In children, clinical efficacy of ACE for the treatment of constipation is determined based on an increase in BM frequency, decreased soiling/incontinence episodes, and improved quality of life. Moreover, some patients are able to have spontaneous bowel movements (BMs) after discontinuing antegrade enema irrigations (10) (11) (12) . On the contrary, it has been reported that 25% of patients will relapse with recurrent constipation or fecal incontinence after a discontinuation of ACE (13) .
Although normal colonic motility has been shown as a successful prognostic factor for ACE, the relevance of isolated distal colonic dysmotility remains unclear (14) . Furthermore, although it has often been assumed that both clinical and manometric factors influence the potential success or failure of ACE, the specific clinical and manometric features have not been well defined. We hypothesized that poor motility particularly in the distal colon along with poor rectal sensation with distension was associated with poor clinical outcome of cecostomy. Therefore, the objective of the present study was to determine which preoperative clinical and both colonic and anorectal manometric features were associated with success of cecostomy in the treatment of constipation and fecal overflow incontinence.
METHODS

Patient Characteristics
A retrospective review of all patients who underwent an ACE procedure at Wake Forest Baptist Medical Center from 2006 to 2013 was performed. The present study protocol was reviewed and approved by the Wake Forest Health Sciences Institutional Review Board. Demographic data (age and sex) and underlying diagnosis were obtained. We also reviewed associated symptoms such as urinary problems, obesity (defined as a body mass index [BMI] >95 percentile for age), attention-deficit/hyperactivity disorder (ADHD), food allergies, and thyroid disease.
Colonic Manometry
Colonic manometry was performed as follows: patients were either admitted to the hospital for bowel cleanout or performed the bowel preparation at home at the discretion of the ordering pediatric gastroenterologist. For those who were admitted, patents were brought into the hospital approximately 2 days before catheter placement for bowel cleanout using polyethylene glycol (PEG) solution via nasogastric tube until stools were clear. For those who performed the bowel preparation at home, patients and families were instructed to start a clear liquid diet 2 days before colonoscopy and drink 16 oz of clear fluid mixed with 3.5 g of PEG 3350 every 4 hours until their stools were clear. Colonic manometry catheters were placed during colonoscopy. General anesthesia was used for all subjects. Intermittent fluoroscopy was used to verify adequate positioning of the catheter during placement. We used a water-perfusion colonic manometry catheter with 8 ports spaced by 10 to 15 cm apart (Medical Measurement Systems, Dover, NH). The distal pressure sensor was placed in the right colon with the remaining sensors distributed throughout the transverse, descending, sigmoid colon and rectum. All patients underwent a plain abdominal x-ray after the catheter was placed to confirm adequate position and document the location of pressure sensors. Subjects were recovered from anesthesia and returned to their hospital room. Colonic manometry recording was initiated approximately 4 to 6 hours after catheter placement. Colonic manometry recording continued for approximately 24 hours. Provocative testing including a high-calorie meal and administration of disacodyl was performed the morning after catheter placement.
Anorectal Manometry
A standardized technique was used for each subject. All patients received a single rectal enema 2 hours before the study. With patients lying on their left side, a flexible air-perfused anorectal manometry catheter with 4 sensors radially positioned (Sandhill Scientific, Highlands Ranch, CO), was inserted into the rectum. Resting pressures, squeeze pressures, response to straining, anorectal sensitivity, and rectoanal inhibitory reflex (RAIR) were measured. A balloon expulsion test was performed at the end of the study.
Manometry Analysis
Analysis of colonic manometry included inspection for a high-amplitude propagative contraction (HAPC) throughout the length of the colon at baseline, after high caloric meal, and after bisacodyl stimulation, which was infused through a port in the catheter. Assessment of HAPC amplitude and their relative location throughout the colon was made. An HAPC amplitude of 70 mmHg or greater was considered adequate. Colonic manometry was classified as normal, if there was presence of HAPCs throughout the length of the colon; distal colonic dysmotility as presence of HAPCs in the right and left colon with absence in the rectosigmoid; proximal motility with distal dysmotility as presence of HAPCs in the right colon only, and absence in the left or sigmoid colon; and total colonic dysmotility as absence of HAPCs at any segment of the colon.
Analysis of data from anorectal manometry included internal anal sphincter resting pressure (NL 60-120 mmHg); squeeze pressure (NL 100-250 mmHg); presence of RAIR described as a drop of >5 mmHg or >15% of the anal resting pressure (threshold for RAIR [NL 18 AE 10 mL]) (15); anorectal sensitivity, which included balloon volume to elicit first sensation and maximum volume tolerated (NL 19 AE 12 and 131 AE 31, respectively); balloon expulsion test: ability to defecate 40-mL water-filled balloon within 5 minutes.
Clinical Outcomes
Functional outcome of patients with cecostomy was defined using a modified classification similar to that of Siddiqui et al (13) . Patients were grouped based on ACE outcomes as good or poor. A good outcome was defined as those patients who had 1 episodes of soiling per week, a minimum BM frequency of 4 times per week, and absence of abdominal pain or pain with defecation as assessed during follow-up after their cecostomy. A poor outcome was defined as those patients with at least one of the following: >3 soiling episodes per week, <3 BMs per week, and abdominal pain or pain with defecation precluding the use of the ACE.
Statistical Analysis
Paired t test and analysis of variance were used to compare the clinical characteristics of the patients and mean number of HAPCs during colonic manometry between outcome groups. Chi square, contingency coefficient, and Monte Carlo confidence interval of 95% were used to compare colonic and anorectal manometry between outcome groups. A P value <0.05 was considered statistically significant.
RESULTS
Clinical Characteristics of Patients
From 2006 to 2012, 40 patients (20 males; 20 females) underwent cecostomy tube placement for ACE. The mean age of patients was 9.5 AE 4.4 years. Before cecostomy, the mean duration of symptoms of constipation and/or fecal incontinence was 7.7 AE 4.8 years. Mean BM frequency before cecostomy was 1.5 AE 0.9 per week, and soiling episodes frequency was 3.9 AE 3.5 per week. Of the 40 patients, 24 (60%) complained of recurrent episodes of abdominal pain. Clinical characteristics of constipation and comorbidities are described in Table 1 . Previous treatments included oral laxatives in all patients; frequent rectal enemas in 14 patients; and at least 1 nasogastric bowel cleanout in 23 subjects (57%).
Clinical Outcomes After Cecostomy
Patients were followed for an average period of 12.2 AE 10.9 months after ACE therapy via cecostomy was initiated. Clinical characteristics of good versus poor outcomes are described in Table 2 . A good outcome was reported in 30 (75%) patients with a BM frequency of 5.7 AE 2.3 versus 1.5 AE 0.9 per week (P < 0.001) in good-versus poor-outcome subjects. There was also significant decrease in soiling episodes between good-and poor-outcome subjects, 0.4 AE 1.5 versus 4 AE 3.5 per week (P < 0.001). Overall, abdominal pain improved in 14 out of the 24 patients who had reported abdominal pain before cecostomy. Saline was used for ACE in 21 patients of which 11 also required the addition of glycerin and 19 used PEG for ACE irrigation of which 9 also required bisacodyl as a stimulant. There was no significant difference among different regimens and outcome. The mean volume of irrigation used for ACE was 14.5 AE 10.8 mL/kg. There was no difference in the infused volume in mL/kg between the 2 groups.
Patient age, sex, duration of symptoms, etiology of constipation, presence of ADHD, presence of urinary symptoms, and duration of ACE treatment did not affected outcome (Table 2) . There was no difference in the outcome in patients with functional constipation compared with organic constipation (spina bifida occulta and anorectal malformation). The presence of obesity and abdominal pain before cecostomy was associated with poor outcomes, P ¼ 0.01 and P < 0.003, respectively. Patients with obesity developed more frequent abdominal pain after cecostomy than the nonobese group 54% compared with 14% (P ¼ 0. 
Manometry and Outcomes of Antegrade Continence Enema
Colonic manometry was performed in 39 patients. Twentythree of 39 patients exhibited completely normal motility as evidence by appropriate HAPCs throughout the entire colon, and had a good outcome compared with those in whom HAPCs were absent in some portion of the colon (P ¼ 0.01). One patient had total absence of HAPCs throughout the colon and had a poor outcome compared with subjects with the presence of at least some HAPCs (P ¼ 0.06). Two of 39 patients exhibited HAPCs limited to the right colon only, with none in the transverse descending or sigmoid colon, which did not affect clinical outcome (P ¼ 0.3). In 13 patients HAPCs were present up to the sigmoid colon with no HAPCs within the sigmoid, which had an observable trend but did not affect a good versus poor outcome (P ¼ 0.07) ( Table 3 ). The presence of crampy pain or defecation after bisacodyl stimulation during colonic manometry testing did not affect outcome. Neither the number of HAPCs nor the motility index (after meals and after bisacodyl stimulation) predicted clinical outcomes. In patients with absent HAPCs in the sigmoid colon, there was a trend to a poor outcome when patients demonstrated poor sensation during anorectal manometry concomitantly (P ¼ 0.07).
Anorectal manometry was performed in 39 patients. Not all measurements were successfully obtained due to patient cooperation. Anal resting pressure was obtained in 34 patients. There was an 
Complications
Complications that required additional surgery occurred in 12% of the patients. On the contrary the ones that required complex care such as infection, bleeding, or dislodgement of the cecostomy tube occurred in 35% of the patients. Most of the complications with ACE were minor, including leakage, or pain at the cecostomy site was easily manageable. Complications of cecostomy included leakage around the stoma (n ¼ 13), displacement of the cecostomy tube (n ¼ 8), pain at cecostomy site (n ¼ 5), skin infection (n ¼ 6), tube obstruction (n ¼ 3), and bleeding at cecostomy site (n ¼ 5). Surgical revision was necessary in 5 patients. Four patients demonstrated more than 1 complication. Of the 11 patients classified as obese, 6 patients had the following complications after cecostomy: abdominal pain (n ¼ 3), leakage around cecostomy tube (n ¼ 3), and local skin infection (n ¼ 1). There were no significantly differences in the complication rate between obese and nonobese patients.
DISCUSSION
Constipation is an increasingly common and debilitating medical problem in children, with an estimated prevalence of 0.7% to 29.6% worldwide (16, 17) . Initial management of constipation involves a combination of dietary, behavioral, and medical management. Medical management typically consists of a combination of stimulants, bulking agents, and hyperosmotic agents (18) . Stimulants function by increasing colonic peristalsis to promote defecation, whereas osmotic agents retain water in the colon to soften stool (19, 20) . When conventional medical therapy is ineffective, surgical management is often necessary. This includes placement of conduits into the colon such as cecostomy tubes or construction of appendicostomies used to administer ACE, which have been shown to improve both constipation and colonic motility (21, 22) . In the present study, we examined both the clinical and manometric characteristics associated with both successful and poor outcomes after surgical placement of cecostomy tubes. We hypothesized that certain clinical characteristics and manometric findings would likely be associated with success or failure of the cecostomy to improve stooling frequency. Specifically, we hypothesized that absence of HAPCs in the rectosigmoid colon along with decreased rectal sensation with balloon distension would be associated with less successful cecostomy outcomes.
Overall, the findings in our study demonstrate that the majority of subjects selected for cecostomy had successful clinical outcomes after placement (75%), which is comparable to previous studies (10, 11, 13) . It was the goal of our study to better define the relative effect of both preoperative clinical symptoms and colonic and anorectal manometric findings within both successful and pooroutcome groups. We first explored comorbidities such as obesity, ADHD, enuresis, and the presence of chronic abdominal pain. Although ADHD and other sensory processing disorders are known to play a role in perpetuation of stool retention and incontinence, based on decreased perception of a child's body signals (23) , present study data did not suggest an association with cecostomy outcome in either group. This may be due in part to the smaller sample size and retrospective nature of the study. In the latter case, ADHD is often underreported or unrecognized, particularly during a focused subspecialty visit. Interestingly, we did find an association with obese children and poor outcome, specifically, new onset abdominal pain. These data were more readily available as all children had documented weights at the time of their clinic visit. This finding is particularly relevant as constipation is more prevalent in the obese population (24, 25) . As postoperative symptoms such as skin infection or localized pain at the cecostomy site were generally short lived, it appears that this reported abdominal pain was likely not related to complications from surgery. In fact, the nonfocal location of the discomfort may suggest pain from colonic distension and/or colonic contraction possibly related to volume of cecostomy flushes. Furthermore, presence of obesity has been recognized as a risk factor for poor prognosis in the management of constipation (25) (26) (27) (28) . The basis of this association is not well defined, but its implication in terms of dietary habits is relevant both in terms of body habitus and constipation. Our findings did suggest although patients with a preoperative history of chronic abdominal pain demonstrated improved stooling frequency and decrease in fecal incontinence, there was a slight trend toward fewer BMs in these subjects. This may be due in part to their reluctance to use the ACE because of their pre-existing abdominal pain. Thus, it is difficult to determine whether this could be directly attributed to their specific cecostomy irrigation strategy. Potentially, the volume and type of fluid used to flush the tubes may not have been sufficient, or perhaps this group of children required the addition of a stimulant laxative to the flush. This underscores the notion that each patient is often unique requiring a specialized cecostomy regimen to suit their individual needs. Furthermore, it raises the question as to other characteristics of the colon that may affect success with ACE including colonic dilatation and redundancy. We did not specifically perform contrast enemas in all patients immediately before cecostomy. Future studies examining colonic anatomy using contrast enemas may be warranted to better address this question particularly in children with poor outcomes after cecostomy. Finally, these results do raise the concern for disproportionately lower pain thresholds in these children, that is, visceral hyperalgesia, which may be exacerbated by chronic stool retention. The long-term effect of colonic distension secondary to constipation is well known to affect ganglion cells, nerve fibers, interstitial cells of Cajal, and muscle structures, but may also be associated with damage to sensory afferents in the gut (29) (30) (31) . This constitutes a potential mechanism for conditions such as constipation associated with irritable bowel syndrome that is known for presence of hyperalgesia after rectal distension (32) .
To determine more objective diagnostic criteria when comparing successful versus poor cecostomy outcomes, we examined the results of both colonic and anorectal manometry. Previous studies have suggested that the absence of HAPC throughout the colon is associated with poor ACE outcomes (14) . Other studies have shown that although baseline colonic manometry does not predict ACE outcomes, progression and normalization of HAPC after ACE is indicative of those patients likely to successfully discontinue ACE (33) . Similar to Vandenberg et al, our study showed that the presence of HAPCs throughout the colon (normal colonic manometry) predicted a good outcome, whereas complete absence of HAPCs predicted a poor outcome. The absence of HAPC in the sigmoid alone demonstrated a trend toward poor outcomes particularly in the context of decreased sensation of balloon inflation during anorectal manometry. This supports the likelihood of increased rectal compliance and dilatation and the need to better assess the rectal vault by performing a thorough digital rectal examination and possibly diagnostic testing such as contrast enemas or defecography. Adult studies have shown that patients with marked distal colon dilatation often benefit from earlier consideration of partial colonic resection and rectopexy (34, 35) . Whether a similar strategy is appropriate in children is unclear. Future studies comparing duration of refractory constipation relative to colonic dilatation and repeating colonic manometry after ACE may help to determine optimal surgical strategies in children (33) .
The present study has several limitations. First, as a retrospective case series, it was exploratory in nature aimed to establish potential associations. It was unclear whether all the relevant preoperative clinical data were documented for all subjects, which may have underestimated symptoms. Second, our sample size is relatively small; however, the number of patients undergoing colonic manometry annually is comparable to many centers. In addition, not all subjects had the same diagnostic work-up before cecostomy such as contrast enema and Sitz marker transit studies. Third, the presence of obesity as defined by a BMI >90 percentile was used to dichotomize obese compared with nonobese subjects. In this comparison, there was a significant difference between the 2 groups in terms of outcomes, specifically related to abdominal pain. When comparing the mean BMI between groups, there was, however, no significant difference between good and poor-outcome groups likely due to our smaller number of subjects. Therefore, prospective studies with large cohorts are needed to better determine the effect of obesity on the outcome of the success of ACE. Availability of these data may shed additional light on the necessary tests predictive of successful ACE outcomes.
In conclusion, findings from the present study suggest that preoperative clinical symptoms including obesity and abdominal pain may have some role in predicting outcomes after ACE. To further determine other key symptoms and to better define the exact nature of stool retention, patients would likely benefit from administration of questionnaires, including, but not limited to abdominal pain scales, dietary diaries, behavioral assessment tools, and anxiety questionnaires. In light of the limited predictive data of preoperative manometric assessment, combining these clinical instruments in juxtaposition to other diagnostic tools such as imaging and transit studies may assist in better delineating the optimal tools required to determine the best candidates for surgical management of refractory constipation.
